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1. Use of homopolymer templates  to facil i tate replication of t ransforming fac tor  
A polythymidylate oligomer was linked to cellulose and then hybri- 
dized to denatured B. subtil is  DNA to which a polyadenylate ol igomer had been 
added. Subsequent replication with DNA polymerase of the B. subtil is  DNA 
yielded a product which is denaturable. However, the s i ze  of the product is 
considerably sma l l e r  than that of the B. subtil is  DNA template and c u r r e n t  
studies a r e  designed to find what steps i n  the procedure have led to this 
reduction in  the s ize  of the product. We a r e  hopeful that  with the circumvention 
of this  difficulty in t ransforming factor, future a s says  m a y  identify a net 
enzymatic synthesis of biologically active DNA. 
2. Excited state proton t ransfer  reactions 
A la rge  deuter ium isotope effect on fluorescence emiss ion  spec t r a  
and quantum yields has been observed in a number of chromophores that con- 
ta in  proton donor groups. In the absence of a proton donor o r  acceptor group, 
there  is no appreciable isotope effect. When both the protonated and unpro- 
tonated excited spec ies  a r e  fluorescent, the shape of the emission spec t rum is 
different in  H 0 and D20. When only the prptonated fo rm is fluorescent,  the 2 
quantum yield is higher i n  D 0 than i n  H 0. These effects a r e  due to different 
2 2 
r a t e s  of proton t ransfer  i n  H 0 and D 0 i n  the react ion RH t H 0 ,-} 
2 2 2 - t 
R t H 3 0  . 
Submitted for publication: Stryer ,  L., Excited State Pro ton  T r a n s f e r  
Reactions. A Deuterium Isotope Effect on Fluorescence.  
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3. A conformational change accompanying activation of an enzyme 
Thioredoxin, an enzyme f rom E. coli, occu r s  in  an inactive 
oxidized fo rm (T-S ) and an active reduced f o r m  (T-[ SH 3 ) which par t i -  
cipates in the enzymatic conversion of ribonucleotides to  deoxyribonucleo- 
tides. 
of thioredoxin. 
on reduction of thioredoxin. 
panies activation of the enzyme. 
dynamic propert ies  of thioredoxin a r e  unaltered on reduction, it is evident 
that the conformational change is localized to the active site of the enzyme. 
In addition, one o r  both tryptophan res idues  a r e  near  the sulfhydryl groups 
a t  the active si te of thioredoxin. 
4. Selective fluorescent labeling reagents 
2 2 
We have c a r r i e d  out f luorescence and other  physical-chemical s tudies  
The re  is a striking change i n  the fluorescence quantum yield 
This indicates that  a s t ruc tu ra l  change accom- 
Since the optical  ro ta tory  and hydro- 
The availability of a s e r i e s  of f luorescent labeling reagents  having 
selective affinity fo r  single s i t e s  on proteins would grea t ly  enhance the scope 
of f luorescence techniques. 
use, such a s  dansyl chloride and various isocyanates and isothiocyanates 
usually r eac t  at  s eve ra l  s i t e s  on proteins. 
f luorescent  reagents  which appear to be m o r e  selective. 
phores  r eac t s  with sulfhydryl groups in  proteins, while the other  labels  the 
active s i te  of a-chymotrypsin. 
(I) which f o r m s  a f luorescent  mercaptide derivative (11): 
The fluorescent labeling reagents  cur ren t ly  in  
We have recent ly  synthesized two 
One of these chromo- 
The  sulfhydryl reagent  is a pyrenyl maleimide 
. - 3- 
L 
J 
(r‘\ 
The derivative (11) has a high extinction coefficient and a high quantum yield, 
in  contrast  to the maleimide (I), which is non-fluorescent. Its absorption and 
emiss ion  maxima differ f r o m  those of the a romat ic  amino acids, allowing 
selective excitation of the pyrenyl emission in  a labeled protein. 
The second f luorescent  labeling reagent  is the - p-nitrophenyl e s t e r  
of anthranilic acid (111), which reac ts  stoichiometrically with a-chymotrypsin 
The e s t e r  (111) does not r e a c t  with chymotrypsinogen o r  disopropylophosphoryl- 
chymotrypsin. It r e a c t s  m o r e  slowly with trypsin,  suggesting that (111) m a y  
a lso  labe l  the active site of o ther  ser ine proteases .  We a r e  now car ry ing  out  
spec t rof luor imet r ic  s tudies  of the fluorescent acyl enzyme (IV) to de te rmine  
the rigidity of the active s i te  of chymotrypsin a s  well as  its accessibi l i ty  to 
solvent molecules . 
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5. Energy t ransfer ,  a spectroscopic ru l e r  
I 1  
Energy can be t r ans fe r r ed  between chromophores  20 8. F o r s t e r ' s  
- 6  theory predicts  an r distance dependence for  the t ransfer .  This suggests  
that energy t ransfer  m a y  be of potential use as a spectroscopic  ruler .  
first step, we have synthesized ol igomers  of L-proline a s  
separa te  energy donor- acceptor pairs by defined distances. 
As a 
"rigid s t icks"  to 
Poly- L-proline 
ex is t s  in e i ther  of two helical conformations: type I, 1.9 A/residue, is s table  
in alcohols, while type 11, 3.12 A/residue, is stable in  water. Pro ly l  oli- 
g o m e r s  f rom n =  2 to 10 were  synthesized stepwise by the solid-state method. 
~ 
Fluorescent  chromophores were then coupled to the amino and carboxyl ends 
of the ol igomers  to f o r m  a dansyl- (L-proline)-naphthylamide system. 
energy donor is either 1- naphthylamide o r  2-naphthylamide, while the 
The 
acceptor is the dansyl (dimethylamino- naphthalene sulfonamide) chromophore. 
With 1-naphthylamide as  the energy donor, the t r ans fe r  efficiency is 100% fo r  
n = 1, 7070 for  n = 2, 3070 for n = 3, and near ly  0% for n = 4. Work is in 
p r o g r e s s  on the 2-naphthylamide system, which exhibits energy t r ans fe r  at 
longer chain lengths. Optical rotatory d ispers ion  studies of these ol igomers  
a r e  being ca r r i ed  out to es tabl ish their conformation. 
6. Nanosecond fluor e s cence kinetics 
Direct  observation of the kinetics of f luorescence emission in  
the second range is important in  studies of energy t ransfer ,  rotational 
mobility, and react ions involving short-lived excited species.  A nanosecond 
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fluorimeter has been designed and constructed in  collaboration with Mr. Lee 
Hundley of the Genetics Department Instrumentation Laboratory.  A modified 
xenon a r c  yields shor t  light pulses  at a repeti t ion r a t e  of 10 kc. The s p e c t r a l  
output of the l amp  is suitable for  excitation of vir tual ly  a l l  f luorescent  chromo- 
phores. The light pulse has a r i s e  time of 2.5 nsec  and a decay t ime of 8 nsec. 
Since these times a r e  comparable  to the excited s ta te  l i fe t imes of in te res t ,  
i t  is necessa ry  to analyze the observed emiss ions  in  t e r m s  of a convolution 
integral ,  The f luorescence output f rom the sampling oscil loscope goes to a 
LINC computer, which s t o r e s  the data, plots it, and wr i tes  a magnetic tape 
for  detailed analysis on the IBM 7090. 
analysis of the data  is obtained o n  the LINC. 
2 nsec  can be  accurately measu red  on our  apparatus. It has  furnished excited 
s ta te  l i fe t imes that were  essent ia l  in  interpreting da ta  relating to the mobility 
of the active s i te  on an antibody ( see Stryer ,  L. and Griffith, 0. H., A Spin- 
Labeled Hapten, Proc .  Natl, Acad. Sci. - 54, 1785 (1965) ) *  
In addition, an on-line pre l iminary  
Lifetimes longer than about 
A promising recent  development is our  observation that oxygen a r c s  
can  yield light pulses sho r t e r  than 1 nsec, though l e s s  br ight  than the pulses  
obtained with our  xenon sourceo  
of the Stanford Linear  Accelerator Center in  s e a r c h  for  higher intensity sub- 
nano second light source  s. 
7. X-ray crystal lographic  studies 
We a r e  collaborating with Dr. Edward Garwin 
We have initiated an x-ray study of c rys t a l s  of the a-subunit of 
tryptophan synthetase, an enzyme involved in  the biosynthesis of tryptophan. 
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The c rys t a l s  grown by D r .  C. Yanofsky of the Biology Department have been 
examined, and a r e  s o  f a r  unsuitable fo r  detailed x - r ay  analysis because of 
d i so rde r  along one axis. The translations along the other  two axes a r e  71 and 
40 A. 
indoleglycerol phosphate but does not catalyze its conversion to indole. 
An effort will be made  to obtain better c rys ta l s  by varying some of the con- 
Essentially identical patterns were obtained for  a mutant which binds 
ditions of crystall ization, such a s  pH and type of salt .  
8. Potential  applications in planetary explorations 
Some of the r e s e a r c h  techniques and findings summar ized  in this  
r epor t  m a y  prove valuable in planetary explorations: 
(a)  Nanosecond fluorimetry.  The sensitivity of fluorescence a s  an 
analytical tool m a y  be  enhanced b y  the use of t ime-resolution a s  a complement 
to spec t r  a1 resolution. F o r  example, f luorescence could be distinguished f rom 
Rayleigh and Raman scattering, since the la t te r  processes  occur  in a t ime l e s s  
than 10 sec,  while fluorescence l ifetimes a r e  typically 10 sec. 
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(b) Selective fluorescent labeling reagents  for  the detection of 
m ac r om0 le c ule s . 
(c )  
(d) 
Computer processing of spectroscopic data. 
Subnanosecond light sources  for  fas t  kinetic studies and for evaluation 
of response  t imes  of photomultiplier tubes. 
(e)  Enzymatic synthesis of genetically active DNA will c r ea t e  the possi-  
bil i ty f o r  modifications of genetic mater ia l  hitherto impossible i n  intact  cells .  
- 7-  
The influence of s t range o r  fraudulent purine or pyrimidine substi tuents on  
gene function will be be t te r  understood and new insights  into the evolution of 
genetic substance m a y  emerge.  
